MATERIALS AND METHODS
Chemicals. Enzymatically synthesized amylose (AS-1000; average molecular mass, 1000 kDa) was purchased from Nakano Vinegar, Co., Ltd. (Aichi, Japan). Type III amylose was obtained from Sigma. Waxy corn starch was purchased from Sanwa Denpun Kogyo Co., Ltd. (Nara, Japan). Isoamylase was purchased from Hayashibara Biochemical Laboratories (Okayama, Japan). Glucoamylase of Rhizopus sp. was obtained from Toyobo (Osaka, Japan).
Construction of a plasmid for the expression of A. aeolicus BE gene and the production of BE. A gene (1935 bp) encoding A. aeolicus BE was chemically synthesized. A BamHI site (underlined) and ribosome binding sequence (doubly underlined) were placed in the upstream region to the start colon (italic), and an Eco RI site (underlined) was placed in the downstream region to the stop colon (italic), as follows; CTTGGATCCTGATTAAAAGGAGGTAATAACATATG... (coding sequence)... TAATGAATTCTTC. The ribosome binding sequence was designed based on the consensus sequence described by Hershey.9) The syn-* Corresponding author  Fax. + 81-6-6477-8362, E-mail: takata-hiroki@glico.co.jp) I. Appl. Glycosci., Vol. 50, No. 1 (2003) The products of A. aeolicus BE from the experiment shown in Fig. 2 (10 or 60 min) were subjected to HPAEC before (A) and after (B) treatment with isoamylase. Each elution profile is shown. The numbers on peaks indicate chain lengths. Action of A. aeolicus BE on amylopectin. The action of both insoluble and soluble forms of BE was analyzed by HPLC-MALLS-RI and isoamylase treatment followed by HPAEC. Although Figs. 6 and 7 show the results using the insoluble form of BE, no differences in the action of amylopectin were observed between the soluble and insoluble forms of BE under the conditions tested. The BE efficiently degraded amylopectin to a limited molecular size (Fig. 6 ) with no increase in reducing power (data not shown). This result suggests that amylopectin was degraded by a cyclization reaction. Analyses of chain-length distributions revealed that the long chains (CL 42-57) were decreased and that middle-sized chains (CL 25-38) and short chains (CL 8-11) were increased by the BE action (Fig. 7) . On the other hand, overall chain-length distribution was not significantly changed. The results suggest that the BE cyclized the long chains of amylopectin to form highly-branched cyclic dextrin (Fig. 1) , as B. stearothermophilus BE did.
For further comparison of the activities of A. aeolicus BE and B. stearothermophilus BE with amylopectin, products PAae and PBst were prepared and subjected to structural analyses (Table 1) . No significant differences between the two products were observed. The elution curves of gel-filtration chromatography monitored by the RI of PAae and PBst also overlapped each other (data not shown). The glucoamylase-resistant glucans derived from PAae and PBst were relatively small molecules with DPw The products of A. aeolicus BE from the experiment shown in Fig. 6 (0 or 20 h) were subjected to HPAEC after debranching with isoamylase. The ratio of each peak area to the sum of the peak areas (DP 6-57) is shown. Symbols: black bar , 0 h; striped bar, 4 h; white bar, 20 h. 
